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1. I NTRODUCT I ON 

During  1985 a p a r t i a l  s u r v e y  of t h e  r a d i a l  p o s i t i o n  of the AGS magne t s  wa5 
done.  The r a d i a l  s u r v e y  can be broken  i n t o  two p a r t s .  The f i r s t  dEtE?rmin&!S 
the locations of t h e  p r i m a r y  s u r v e y  monuments i n  t he  r i n g ,  and is r e p a r t e d  i n  
r e f e r e n c e  1. The s e c o n d  d e t e r m i n e s  the p o s i t i o n s  GS the magne t s  r e l a t i v e  t o  
the m G n L t m e n t s ,  and is r e p o r t e d  h e r e .  T h i s  second p a r t  was i n t e r r u p t e d  to allow 
t h e  crews t o  d o  a vertical r e a l i g n m e n t  before the AGS t u rn -on  i n  t he  f a l l  of 
1985. T h i s  r e p o r t  shows what  has been  accompl i shed  so f a r .  

The p r i m a r y  r e f e r e n c e  f a r  the r a d i a l  p o s i t i o n  is t h e  set of 24 c o n t r o l  
s tations,  or monuments, p l a c e d  e ~ e n l y  a round  the r ing! ,  a b o u t  110 i n c h e s  o u t s i d e  

survey s ~ c k e t s  on t o p ,  t h r e e  i n c h e s  f rom each end above the nominal  m a g n e t i c  
c e n t e r l i n e  of t h e  magnet. These sockets are mEasLtrEd w i t h  r e s p e c t  to t h e  
p r i m a r y  monuments to g i v e  t h e  r a d i a l  and  a z i m u t h a l  p o s i t i o n  of t h e  magnet. 

t h e  beam l i n e  at Each 1 0  foot  s t r a i g h t  s e c t i o n .  The mdgnEt5 thEiEsElYes have 

2. MAGNET ~ ~ A ~ U R E M E t ~ T S  AND RECONSTRUCT I ON 

The p o s i t i o n  of the magne t s  r e l a t i v e  t o  the monuments is d e t e r m i n e d  by 
fmtr sets of measurements ,  shown i n  F i g u r e  la: 

1. Angle a t  monument, f rom f i r s t  magnet socket t o  next monttment. 

2 .  Distance f rom monument t o  f i r s t  socket. 

4. P e r p e n d i c u l a r  of #sets f ram sockets t o  1 i n e  be tween monuments. 

T h e r e  is a small amount of r edundancy  i n  t h e s e  ,measurements ,  which is u s x l  f o r  
a consistency check G+ some 09 t h e  d a t a .  

The o f f s e t  measurements  are i n c o m p l e t e ,  and  a l t h o u g h  21 o-f the 24 
ha1  f - s u p e r p e r  i o d s  h a ~ e  been  measured a1 most compl etel y!,  t h e  remai n i  ng G ~ E S  are 
the mast d i f f i c u l t  s i n c e  t h e y  are i n  areas o b s t r u c t e d  by injEC-ltiGfi and 
e x t r a c t i o n  l i n e s .  I n  a d d i t i o n ,  w i t h i n  the measured areas t h e r e  are a few 
measurements  m i s s i n g  or o b v i o u s l y  i n  error; these h a v e  been . G i l l e d  i n  or 
Cor rec tEd  u s i n g  u s i n g  e d u c a t e d  g ~ e s s e r ; ,  to a v o i d  b r e a k i n g  t h e  c h a i n  of 
c o o r d i n a t e  r e c o n s t r u c t i o n  and l a s i n g  t he  entire h a l f - s u p e r p e r i a d  of magnets .  

o$: t h e  d a t a ,  -but d o  n o t  show t he  entire r i n g .  
T ~ L E  the data h e r e  Gnl.; Shc)W a samplE of t h e  r a d i a l  p G s i t i G n 5  and the q u a l i t y  

The p o s i t i o n s  0-F the magnets  are r e c o n s t r u c t e d  i n  the local c o o r d i n a t e  
s y s t e m  where t h e  monument l i n e  is the x-axis, and t h e n ,  u s i n g  the monrt.ment 
c o o r d i n a t e s ,  t r a n s f o r m e d  t o  the c o o r d i n a t e  -system w i t h  the o r i g i n  a t  r i n g  
c e n t e r .  A 1  t hough  s u c h  c a l c u l a t i o n s  are s t r a i g h t f o r w a r d ,  t h e y  are shown h e r e  
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f o r  t h e  r e c o r d :  

where t h e  v a r i o u s  measurements  and c o o r d i n a t e s  are shown i n  F i g u r e  la.. (The 
measured d a t a  and t h e  r e s u l t s  of t h e  r e c o n s t r u c t i o n  are a v a i l a b l e  i n  t a b u l a r  
farm from t h e  a u t h o r ,  and w i l l  b e  p u b l i s h e d  when t h e  measurements  are 
c o m p l e t e d f .  The c o o r d i n a t e  s y s t e m  f a r  X, Y,  R,  and  8 h a s  t h e  o r i g i n  a t  t h e  
c e n t e r  of t h e  r i n g  f a c h a l l y ,  t h e  c e n t e r  of  t h e  montiment circle, as d e t e r m i n e d  
i n  R e f e r e n c e  1). 

The o r i g i n a l  m a g n e t i c  measurements  af t h e  magne t s  d e t e r m i n e d  an o f f s e t ,  
from t h e  s u r v e y  sockets t o  a d e f i n e d  m a g n e t i c  c e n t e r l i n e ,  s u c h  t h a t  t h e  
i n t e g r a t e d  B-tdl f o r  each magnet along t h i s  m a g n e t i c  c e n t e r l i n e  is t h e  same f o r  
a l l  members of  a g i v e n  c lass  fk, B, or C) 05: magnets  (Ref 2 ) .  T h i s  p r o c e d u r e  
compensa ted  .For d i f f e r e n c e s  i n  t h e  gap ,  iron c h a r a c t e r i s t i c s ,  or exact l e n g t h  
o f  t h e  i n d i v i d u a l  magnets ,  and f o r  errors i n  t h e  p o s i t i o n s  of  t h e  socket h a l e s  
r e l a t i v e  t o  t h e  magnet gap. S i n c e  i t  is t h e  p o s i t i o n  o f  t h i s  m a g n e t i c  
c e n t e r l i n e ,  n o t  t h e  sctt-vey %#ckets. t h a t  is of interest f o r  machine  
pe r fo rmance ,  t h e s e  o f f s e t s  h a v e  t o  b e  a c c o u n t e d  f o r  i n  t h e  scrrvey. The5e 
o f f 5 e t s  r a n g e  t o  a b o u t  40 m i l s  maximctm, w i t h  an rms s p r e a d  a4 ICi m i l - ? . ,  and  are 
t a k e n  i n t o  acot tn t  i n  t h e  d e t e r m i n a t i a n  o d  R i n  table 1. 

F i g u r e  2 shows t h e  magnet r i n g  r e s u l t i n g  from t h e  d a t a ,  w i t h  t h e  r a d i a l  
errors m a g n i f i e d  a factor o f  l t3 ,OQO Iso magne t s  i n  t h e  d e s i g n  p o s i t i o n  a p p e a r  
on t h e  circle).  Also shown are t h e  moncament p o s i t i o n s ,  w i t h  t h e i r  r a d i a l  
ert-or5 m a g n i f i e d  by  t h e  Same factor ,  The magnets  c l e a r l y  have a l a r g e  amoirnt 
of scatter f rom t h e i r  d e s i g n  p a r a i t i o n s 7  and t h e  g e n e r a l  t r e n d  is that t h e  
magnet r i n g  follows t h e  monttment f i g u r e .  T h i s  wattld b e  e x p e c t e d  i f  any imagnets 
were r e a l i g n e d  t15ing t h e  d e s i g n  u f f s @ t f ;  Cram t h e  moncament l i n e ,  and n o t  t a k i n g  
i n t o  accoctnt  t h e  d i s t o r t f a n  uf t h e  manctment f i g u r e .  Bctt most magnets  kave n o t  
been r e a l i g n e d  since t h e  19&2 r e a l i g n m e n t ,  so a p p a r e n t l y  wha teve r  -Forces have 
moved t h e  p r i m a r y  magnet p i e r s  abaut t h e  
same amount. The r e l a t i v e  p o s i t i o n s  of t h e  magne t s  and  t h e  monuments show up 
mare c l e a r l y  i n  F i g u r e  3 ,  where t h e  magnet p o s i t i o n s  are r e c o n s t r u c t e d  as i f  
the monuments were i n  t h e i r  i d e a l ,  or d e s i g n ,  l o c a t i o n s ; .  

monuments h a v e  also maved t h e  n e a r b y  

F i g u r e  -1. shows these r a d i a l  p o s i t i o n  errors (and F i g u r e  Ei t h e  a z i m u t h a l  
errors) f a r  a l l  measured magnets ,  showing b o t h  e n d s  s e p a r a t e l y .  Also on F i g u r e  
4 is a moving 11-magnet a v e r a g e ,  r'ormed by  a v e r a g i n g  t h e  error f o r  e a c h  magnet 
and its f i v e  n e i g h b o r s  on e a c h  s i d e .  

The magnet p o s i t i o n  errors cons i s t  of a low f r e q u e n c y  p a r k ,  a p p r o x i m a t e l y  
f o l l o w i n g  t h e  d i s t o r t e d  monument f i g u r e ,  With a h i g h  f r e q u e n c y  magnet-to-magnet 
scatter, EX- noise. To b e t t e r  see t h e  n o i s e ,  t h e  r a d i u s  +or each magnet is 
compared t o  the moving a v e r a g e .  F i g u r e  & shows t h e  d i s t r i b u t i a n  06 r a d i u s  
d i f f e r e n c e s  f rom t h e  moving a v s r a g e .  T h i s  d i s t r i b u t i a n  has a good 'eyeball' 
f i t  t o  a 32-mil gac tss ian  a5 shown i n  F i g u r e  bb { t h e  actual r m s  af t h e  
d i s t r i b u t i o n  is somewhat h i g h e r  b e c a u s e  of t h e  h i g h  t a i l s ) .  T h i s  scstter is 



s e v e r a l  times l a r g e r  t h a n  the expected measur ing  errars and  is thus ~ e a l .  

An i n t e r e s t i n g  fac t  h a s  shown crp i n  t h e  r a d i a l  error numberr; - the 
magnets, i n  spite i3f the l a r g e  sca t te r ,  or noise, i n  t h e i r  p r e s e n t  p o s i t i o n s ,  
seem t o  remember t h e  o f f s e t s  +or Bdl c o r r e c t i o n ,  ment ioned  above.  F i g u r e  7 is 
a scatter p l o t  04 t he  o f f s e t  vs. r a d i a l  error ( r e l a t i v e  t o  t h e  11-magnet moving 
a v e r a g e ) ,  where the r a d i a l  error has been c a l c u l a t e d  n e g l e c t i n g  the Bdl offset 
c o r r e c t i o n .  F i g u r e  
€l shows t h e  5ame t h i n g ,  b u t  this time t h e  measured p g s i t i o n s  are c a r r e c t e d  f o r  
t h i s  offsetS and the c o r r e l a t i o n  is e s s e n t i a l l y  gone. The amount of t h e  offset 
c o r r e c t i o n  t o  add  i n  t o  make t h e  c o r r e l a t i o n  ( t h e  "cova r i ance" f  v a n i s h  e x a c t l y  
c a n  by c a l c u l a t e d :  

e 
T h e r e  is clearly a c o r r e l a t i o n  bet~een t h e  two q u a n t i t i e s .  

Doing t h e  s~ms over t h e  data (and o m i t t i n g  s e v e r a l  points w i t h  the l a r g e s t  
errors) g i v e s  tr = 1.01, where  k = 1 wcittld be expected. (Tha ac t iad .  sums t# be 
done  are somr3balhat more c o m p l i c a t e d ,  since the e f - f e c t  o i  the c s s r r e c t i a n  an  t h e  
moving a v e r a g e  m u s t  be a c c o ~ ~ h d  for . )  T h i s  is also the l i n e a r  c o m b i n a t i o n  with 
t h e  smalle5t ~ m s  v a r i a t i o n .  The v a l u e  !k=I is used f o r  c a l c u l a t i n g  the radial 
p o s i t i o n  of the m a g n e t i c  c e n t e r l i n e  f o r  this r e p o r t .  

3. DISTRIBUTIQNS AND DATA CHECKS 

The AGf l a t t i c e  is  made up a4 two l e n g t h s  o f  magne t s  and t h r e e  l e n g t h s  of 
s t r a i g h t  s e c t i o n s .  The d i s t r i b u t i o n s  of  measured l e n g t h s  f o r  t he  f i v e  
c a t e g o r i e s  are shown i n  F i g u r e s  9 and 10. T h e s e  are f rom measurements  ta t h e  
sockets, not the e n d s  of t h e  steel, and t h u s  are n o t  e x a c t l y  t h e  d i - z t r i b u t i a n s  
of a c t u a l  magnet and s t r a i g h t  s e c t i o n  l e n g t h s .  

T h e r e  are a few c h e c k s  t h a t  c a n  be done t o  d e t e c t  p o s s i b l e  m i s t a k e s  i n  the 
data and t o  g e t  same i d e a  o f  the size of the measurement  errors= F i g u r e  1b 
i n d i c a t e s  how the ( w i t h  errors g r e a t l y  
e x a g e r r a t e d l .  The telescape was set ~ t p  an ane monument and the line o i  s i g h t  
e s t a b l i s h e d  to t h e  n e x t  monument. The o f f s e t s  were measured f a r  t h e  h a l f  of 
the s e c t i o n  closest t o  t he  t e l e s c o p e .  t he  t e l e s c o p e  was p u t  a t  the o t h e r  
monument and the secand h a l f  o f .  t h e  magnets  done.  The two a f + s e t s  i n  t h e  
m i d d l e  were measctred both times, g i v i n g  some d a t a  which {ran check  bath t h e  
o f f s e t  measurements  themselves and the a c c u r a c y  of e s t a b l i s h i n g  the ' l i n e  af 
s i g h t  be tween monuments. From F i g u r e  Ib, t h e  d i s t a n c e  (a t  the c e n t e r  iaf the 
section) between t h e  two l i n e s  of s i g h t  is L = O.S#Cla-bf+/c-d)J; the 
d i s t r i b u t i o n  of  t b e s e  q u a n t i t i e s  fsr  the 21 measured sections is shori~n i n  
f i g u r e  11. The worst p a i n t  is f rom data u s i n g  a d i i f e r e n t  t e l e s c o p e ,  which 
a p p e a r e d  t.o h a v e  s o m e t h i n g  wrong; this d a t a  sho t t ld  be redone .  The o t h e r  d a t a  
a p p e a r  t o  h a v e  a n  s p r e a d  of a round  1 0  m i l s .  

o f f s e t  measurements  were a c t u a l l y  done 

Then 

The repeatabi 1 ity of t h e  aff set measurements  themselves can be checked 
from these d u p l i c a t e d  mea5urements  i f  t h e  l i n e  ai: s i g h t  error is a c c o u n t e d  f o r ;  



t h u s  t h e  measu re  is 

The d i s t r i b u t i o n  of  t h i s  q u a n t i t y  is shown i n  F i g u r e  12; t h e  rms s p r e a d  is 
a b o u t  3 - It:, m i l s .  

D = a-b-L = -(c-d-L) e 
The r e c o n s t r u c t i o n  of  t h e  magnet p o s i t i o n s  f rom t h e  s t r i n g  iaf l e n g t h s  and  

o f f s e t s  h a 8  two r e d u n d a n c i e s  which c a n  b e  used a s  data checks .  F i r s t 3  t h e  
measured o f f s e t  a t  e a c h  end o f  t h e  h a l f - s u p e r p e r i o d  can b e  ct7ecL::ed a g a i n s t  t h e  
o f f s e t  c a l c u l a t e d  f rom t h e  l e n g t h  and a n g l e  f rom t h e  monument. F i g u r e  13 shotrrs 
t h e  d i s t r i b u t i o n  of  t h e s e  d i f f e r e n c e s ;  t h e  rms s p r e a d  is a b o u t  12-15 m i l s .  The 
two p a i n t s  a t  a b o u t  -?Q m i l s  are a t  t h e  same monument and may b e  d u e  t o  a n  
i n t e r c h a n g e  of  t h e  l e n g t h  measurements ;  t h e y  s h e u l d  be  remeasured .  

The d i s t a n c e  be tween monuments, a s  measured  i n  t h e  monument s u r v e y 3  can $e 
compared t l r i  t h e  sum of  t h e  p r o j e c t e d  l e n g t h s  of t h e  measurements  a l o n g  t h e  
magnet s t r i n g .  The d i s t r i b u t i o n  a4 d i f f e r e n c e s  is shown i n  F i g u r e  14. The 
e x p e c t e d  rms f o r  t h i s  d i s t r i b u t i o n  is3 f u r  a s t r i n g  of 21 ixagnet l e n g t h  
measurements % i t h  i n d i v i d u a l  errors a# p e r h a p s  1 0  m i l s ,  and an i n t e r ~ ~ o n L i m e n ~  
l e n g t h  error of 14 m i l s ,  is 

g-= J21 . . o I ~ *  .t ,0\4'  ' 
which is c o n s i s t e n t  w i t h  t h e  d a t a .  

The m i m i n g  h a l f  s u p e r p e r i o d s  d m u l d  b e  + i n i s h e d  land t h e  s u s p i c i c s u s  
p a i n t s  r e c h e c k e d i  so we w i l l  h a v e  a c o m p l e t e  p i c t u r e  uf t h e  p r e s e n t  s h a p e  sf  
t h e  AGS r i n g  and c a n  s t u d y  what  i t  means;. Also, t h e  g e n e r a l  s h a p e  af t h e  r i n g  
is d e t e r m i n e d  by t h e  monuments;. Thus t h e  in te rmonument  l e n g t h s  s h o u l d  be 
r emeasured  tr;) g i v e  more c o n f i d e n c e  t h a t  t h e  r i n g  s h a p e  is a s  i n d i c a t e d  h e r e .  

The h i g h  f r e q u e n c y  magnet scatter, or n o i s e ,  h a s  an rms 5 p r e a d  t h r e e  or 
f o u r  times g r e a t e r  t h a n  t h e  e x p e c t e d  measu r ing  errors. Thus  t h e  d a t a  is 
mean ingfu l  i n  t h a t  studies o f  t h e  beam e f f e c t s  f rom t h e s e  p o s i t i o n  errors r~toiild 
not b e  dominated  by measu r ing  errors. For  example ,  f rom eqn 4.2.2 a f  r e f e r e n c e  
3, t h e  r m s  o r b i t  d i s t o r t i o r i  e x p e c t e d  f rom a ,032 m i l  scatter is 
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0 REFEREtdCES 

0 

1. R. E. Thern ,  "The 15185 H o r i z o n t a l  Survey .  P a r t  1. Monuments", AGS 
Accelerator D i v i s i o n  T e c h n i c a l  Note No. 25!:!, A p r i l  28, 1986. 

2. J ,  P. Palmer and R. H. P h i l l i p s ,  "Summary of  MagnetiC Measurements  o f  
Classes A, B, and C H a g n e t s  Reduced t o  E q u i v a l e n t  Radial O f f s e t  
Corrections on the AGS Ring" ,  Accelerator Development Depar tment  Internal 
R e p o r t  JPPIRHP-2, J u l y  17, 35159. T h i s  r e p o r t  c o v e r s  t h e  magnets t h a t  wr@ 
o r i g i n a l l y  p l a c e d  i n  t h e  r i n g .  Over t h e  years the magne t s  h a v e  heen 
s h u f f l e d  and  t h e  s p a r e s  broctght i n ;  t h e  o f f s e t s  f o r  the spares were faetnd 
i n  t h e  data boot::s w i t h  t h e  h e l p  of J. Weisenblaom, and  the p r e s e n t  order 
of t h e  magne t s  i n  t h e  r i n g  was d e t e r m i n e d  by l o a k i n g  a t  e a c h  nagnet i n  t h e  
r i n g .  

3. C. Eovet  e t  a l ,  "A S e l e c t i o n  of Formulae  and Data Use fu l  lo r  t h e  Des ign  of 
A. G. S y n c h r o t r o n s "  CERNIHPS-SI/Int. BLfTQI4. 

FIGURE CAPTIONS 

1. 

3,. 

-r 
3.  

4. 

5. 

6 .  

Geometry of magnets re lat ive t o  t h e  monuments, showing l e n g t h s ,  a n g l e s ,  
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D i s p l a c e m e n t s  of magnet  c e n t e r s  fi e. , a v e r a g e  of: u p s t r e a m  and downstream 
e n d s )  and monuments f rom t h e i r  i d e a l ,  ar  d e s i g n ,  v a l u e s .  The r a d i a l  
errors are m u l t i p l i e d  by  113000. magne t s  a t  t h e  d e s i g n  location w i l l  a p p e a r  
on the circle 

Same as  F i g u r e  2, b u t  w i t h  a l l  calculation.5 made assuming the mon~!mentc 
are i n  . t h e i r  i d e a l  p o s i t i o n s .  

D i s p l a c e m e n t s  of  magne t i c  c e n t e r l i n e ,  a t  the u p s t r e a m  and downstream ends,  
f rom t h e  d e s i g n  p o s i t i o n s .  The ctpstream end  of magnet M15 is o f f  scale. 
The l i n e  is a n  11-magnet moving a v e r a g e ,  formed by a v e r a g i n g  w i t h  !5 
n e i g h b o r s  on each s i d e .  Mock d a t a  was i n t e r p o l a t e d  i n  t h e  g a p s  i n  Fi ,  F, 
and  H t o  a v o i d  a break i n  t h i s  a v e r a g e .  

Azimuthal  < t a n g e n t i a l !  d i s p l a c e m e n t s  af the magnet sockets f r a m  t h e i r  
i d e a l  p a s i t i o n s .  

D i s t r i b u t i o n  uf t h e  d i f f e r e n c e s  between t h e  measured r a d i a l  p a s i t i a n  and 
the 11-magnet maving a v e r a g e .  The g a u s s i a n  w i t h  a s igma  of 32 m i l s  is an 
e y e b a l l  # i t .  Note t h a t  i n  a l l  f i g w e s  i n  t h i s  r e p a r t  t h a t  use ~i bar c h a r t  
t o  p l a t  a h i s t o g r a m ,  t h e  a b s c i s s a  n ~ t m b e r s  are t o  b e  i n t e r p r e t e d  as  the 
l e f t  e d g e  of the b i n .  



. I 

7. Scatter p l o t  of  t h e  o f f s e t s  f rom t h e  Ed1 measurements  (Fief. 7.1 versus t h e  
r a d i a l  error [relative t a  t h e  11-magnet moving a v e r a g e .  The o f f s e t  h a s  
not been a p p l i e d ,  so t h e s e  are t h e  r a d i i  a f  t h e  sackets. 

* 
8.  Same as F i g u r e  7, except t h e  o f f s e t  c o r r e c t i o n s  h a v e  been  applied, sai 

t h e s e  are t h e  r a d i i  af t h e  m s g n e t i e  c e n t e r l i n e s .  

9 .  D i s t r i b u t i o n  of  %he  l e n g t h s  of  magnets ,  as  measwed b e t w e n  ?zi,acltets. 

10. D i s t r i b u t i o n  of t h e  l e n g t h s  of  s t r a i g h t  s e c t i o n s .  L e n g t h s  are measured  
(or, f o r  t h e  10’ s t r a i g h t  SEtctions, c a l c u l a t e d )  be tween magnet  siackets, so  
t h e y  . a r e  n c t n i n a l l y  6” langer t h a n  t h e  l e n g t h  be tween magnet ends .  

11. U i s h - i b u t i o n  of  error-% i n  s e t t i n g  up t h e  l i n e - o f - s i g h t  be tween monuments, 
as  c a l c u l a t e d  f rom t h e  dctpl i c a t e d  o f f  set measurements  on t h e  center 
magnets  of e a c h  h a l f - s u p e r p e r i o d .  

12. D i s t r i b u t i o n  of  errors  i n  t h e  d u p l i c a t e d  a f f s e t  measurements, corrected 
f o r  t h e  l i n e - a f - s i g h t  error l r e e  text]. 

13. D i f f e r e n c e s  i n  t h e  o f f s e t  o-f t h e  f i r s t  (and  l as t )  magnet s o c k e t  i n  e a c h  
h a l f - s u p e r p e r i o d ,  as measured d i r e c t l y  and as  c a l c u l a t e d  from t h e  l e n g t h  
and a n g l e  f rom t h e  monument. The two p o i n t s  i n  t h e  tails are  a t  t h e  same 
monciment, and may b e  a mistake i n  t h e  s u r v e y  n o t e t a k i n g .  

0 
14. D i f f e r e n c e s  i n  t h e  l e n g t h  betneen monuments, a5 measwed d i r e c t l y  Cin t h e  

monument survey) and as  c a l c u l a t e d  f rom t h e  l e n g t h s  a l o n g  t h e  magnetss .  

a 
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FIGURE 6A. RADIAL E R R O R  DISTRIBUTION 
DISTANCE FROM 1 I -MAGNET AVERAGE * 
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FIGURE 6B. RADIAL E R R O R  DISTRIBUTION 
DISTANCE FROM 1 1 -MAGNET AVERAGE 
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FIGURE 9A. MAGNET LENGTHS (LONG) 
MAGNETS, MEASURED BEJWEEN SOCKETS 
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FIGURE 1 OA. STRAIGHT SECTION LENGTHS 
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FIGURE 1 OB. STRAIGHT SECTION LENGTHS 
SlFUlQHT SECTIONS, RENIEEN SOCKETS 
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FIGURE IOC. STRAIGHT SECTION LENGTHS 
SFAQHT SECTIONS, BETWEEN S O C K m  
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FIGURE 1 1 .  LINE-OF-SIGHT DIFFERENCES 
F/B DUPLICATES IN CENTER OF SECTION 
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FIGURE 12. OFFSET DIFFERENCES 
F/B DUPLICATES IN CENTER OF SECTION 
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FIGURE 13. OFFSET DIFFERENCES 
FIRST OFFSET VS. ANGLE, DISTANCE VALUE 
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FIGURE 14. LENGTH DIFFERENCES 
INTERMONUMENT; DIRECT VS. ALONG MAGNETS 
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